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1
SEAL REMOVAL TOOL

FIELD OF THE INVENTION

The present mvention relates to seals, and more particu- 5
larly, to a tool for removing a seal from an air cycle machine.

BACKGROUND OF THE INVENTION

Seals are used 1n myriad applications 1n various types of 10
machines. Seals may be constructed of any one of numerous
types of materials, such as, for example, polymers, plastics,
and carbon, depending on the purpose for which they may
be used and the environments to which they may be
exposed. One example within which seals are used 1s in an 15
air cycle machine.

Air cycle machines (“ACM”) may be used 1n aircraft to
provide conditioned and/or compressed air to various parts
of the aircraft, such as, for example, the passenger cabin,
pilot compartment, or other sections needing a controlled »¢
environment. ACMs generally comprise a turbine module,
compressor module, and a fan module, each mounted about
a common shaft. At least one of the modules may be
pressurized or otherwise environmentally-controlled, result-
ing in pressure diflerentials between at least two of the ;5
modules. Consequently, 1t may be preferable for these
modules to be sealed from one another and/or from the
ambient environment. Carbon seals are commonly used for
this purpose.

Typically, a carbon seal 1s mounted between one of the 3¢
modules and the shait to prevent leakage of pressurized air
or, possibly, lubricants, from the module interior to other
portions of the aircraft. However, at times, just as with any
aircrait component, the ACM may need to undergo main-
tenance, repair, or overhaul. In such instances, the ACM may 35
need to be partially or completely disassembled to separate
the modules from one another and to expose certain ACM
components. Disassembly may include removal of the car-
bon seal.

Conventional means of removing carbon seals have called 49
tor the use of tools that may damage the seal. When the seal
1s 1nitially intact and then damaged during a removal pro-
cess, unwanted debris may be undesirably left within the
modules, thereby reducing the time span between scheduled
maintenance, or causing other undesired consequences. 45
Moreover, carbon seals are generally relatively expensive to
replace, thus, 1t the carbon seal 1s mitially undamaged, 1t 1s
preferable for the seal not to be damaged during the removal
process so that 1t can be reused when the ACM 1s assembled.

Thus, there 1s a need for a seal removal tool that does not 50
damage the seal during a removal process. Additionally, 1t 1s
desirable to have a tool that does not cause the seal to leave
unwanted debris 1n an area from which the seal 1s removed.
The present invention addresses one or more of these needs.

55
SUMMARY OF THE INVENTION

The present invention provides a tool for removing a seal,
wherein the seal comprises a grooved inner peripheral
surface. 60

In one embodiment, and by way of example only, the tool
comprises a tubular member and at least two jaws. The
tubular member has 1nner and outer surfaces, and first and
second ends and a passage therebetween. The first and
second slots are formed between the tubular member 1nner 65
and outer surfaces and are equally spaced apart about a
predetermined axis. The first and second jaws are each at

2

least partially disposed within the first and second slots,
respectively. Each jaw has an outer peripheral surface hav-
ing at least one protrusion formed thereon. The protrusion 1s
configured to mate with the grooved inner peripheral surface
of the seal. Each jaw 1s configured to selectively radially
expand away from and retract toward the predetermined
axis.

In another embodiment, the tool comprises a tubular main
body, slots, a shatt, and jaws. The tubular main body has first
and second ends, a passage that extends therebetween, and
inner and outer surfaces. The first and second slots are
formed between the main body nner and outer surfaces and
are equally spaced apart about a predetermined axis. The
shaft 1s slidably disposed within the passage and having first
and second ends, the first end configured to receive mechani-
cal pressure to move the shaft through the passage. The first
and second jaws, are each at least partially slidably disposed
in the first and second slots, respectively. Each jaw has inner
and outer peripheral surfaces, wherein the first and second
jaw 1ner surfaces are configured to contact the shait second
end to thereby radially expand the first and second jaw to an
expanded configuration 1n response to the mechanical pres-
sure applied to the shaft, and the first and second jaw outer
surfaces each have at least one groove formed thereon and
configured to correspond with the seal grooved surface.

In yet another embodiment, a method for using the tool
for removing a seal 1n an air cycle machine 1s provided. The
method comprises the steps of disassembling the air cycle
machine to expose a space 1n which the seal 1s positioned,
inserting the radially expanding tool and positioning the tool
proximate the seal, radially expanding the first and second
jaws, and lifting the tool and seal out of the space.

Other independent features and advantages of the pre-
terred tool will become apparent from the following detailed
description, taken in conjunction with the accompanying
drawings which illustrate, by way of example, the principles
of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross section side view of an air cycle machine
with which an embodiment of the seal removal tool of the
present invention may be employed;

FIG. 2 1s an exploded view of the air cycle machine of
FIG. 1;

FIG. 2A 1s a close up perspective view of a carbon seal
that may be employed 1n the ACM depicted in FIG. 2;

FIG. 3 1s a perspective view ol an embodiment of the seal
removal tool;

FIG. 4 1s a cross section view of the seal removal tool
depicted 1n FIG. 3 taken along line 4—4;

FIG. 5A 15 a close-up perspective view of another com-
ponent that may be employed 1n the embodiment of the seal
removal tool depicted in FIG. 3; and

FIG. 5B 1s another close-up perspective view of the
component 1llustrated 1n FIG. 5A; and

FIG. 6 1s a close-up perspective view of a component that

may be employed in the embodiment of the seal removal
tool depicted 1n FIG. 3.

DETAILED DESCRIPTION OF A PR
EMBODIMENT

(L.
=]

ERRED

The following detailed description of the invention 1s
merely exemplary in nature and 1s not intended to limit the
invention or the application and uses of the invention.
Furthermore, there 1s no itention to be bound by any theory
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presented in the preceding background of the invention or
the following detailed description of the invention. More-
over, although the inventive tool 1s described herein as being
used to remove a carbon seal 1n an air cycle machine, 1t will
be appreciated that the tool may be used to remove any type
of seal, or otherwise ring-shaped object, that may be used or
employed for any application, including, but not limited to,
other types ol machines.

FIG. 1 1llustrates an exemplary air cycle machine having
a carbon seal that may be removed using an embodiment of
the tool. The ACM 100 includes a fan module 102, a
compressor module 104, and a turbine module 106 which
are each rotationally mounted about a common shait or tie
bolt 108. Fach module 102-106 includes a shatft 110a-110c¢,
that 1s configured to mate with one another. The modules
102106 are disposed within a housing 112, part of which 1s
illustrated herein, which can comprise a plurality of housing
plates.

The fan module 102 further comprises a diffuser case 114
and a fan 116. The difluser case 114 defines, 1n part, a
passage 118 through which air that 1s induced into the ACM
100 by the fan 116 may travel. To keep the air 1n the passage
118 and prevent the air from leaking into the other portions
of the ACM 100, a carbon seal 120 1s sealingly coupled
between the fan module shaft 110a and diffuser case 114.

FIGS. 2 and 2A 1illustrate an exploded view of a portion
of the fan module 102 1n FIG. 1, and a close-up view of the
carbon seal 120. The carbon seal 120 1s generally ring-
shaped, or otherwise configured to be mounted around, 1n
this case, a tube-shaped shatt, and includes an outer periph-
eral surface 122 and an inner peripheral surface 124 that
defines an opening 126 therethrough. At least one groove, or
alternatively, a flange 130 extends around the circumierence
of the inner peripheral surface 124. As will be appreciated by
those with skill 1n the art, the seal mner peripheral surface
124 may alternatively include threading, channels formed
between at least two protrusions, or any one of numerous
other formations on the mnner peripheral surface 124 that
may be employed to aid in sealing the seal 120 against the
shaft 110a. The groove or flange 130 can alternately extend
around only a portion of the inner peripheral surface 124 and
not the entire circumierence, 1n which case, optionally, more
than one groove or flange 130 may be formed along the inner
peripheral surface 124.

When the ACM 100 1s disassembled, the carbon seal 120
1s preferably removed using the tool 200 illustrated in FIG.
3. The tool 200 includes an elongated main body 202, a shafit
204, and jaws 206a—206c.

Referring both to FIGS. 3 and 4, the elongated main body
202 1s generally tubular and cylindrically shaped and com-
prises first and second ends 208, 210 which include first and
second openmings 212, 214, respectively. The main body 202
can be constructed of numerous materials, such as, for
example, metal alloys, aluminum, and steel. A passage 216
extending between the two openings 212, 214 1s configured
to movably receive the shaft 204. In one embodiment of the
invention, the first opening 212 of the elongated main body
202 15 sized and dimensioned so that one end of the shait 204
extends through the first opening 212 and out of the passage
216 to thereby provide access to the shait 204 so that 1t can
be mechanically moved back and forth in the passage 216.
In another embodiment, the shaft 204 does not extend out of
the first opening 212, but 1s accessible to be moved 1n the
passage 216, such as via another opeming or coupling to
another component that moves the shait 204 therein.

The elongated main body 202 further includes mner and
outer peripheral surfaces 220, 222 and can include at least
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one slot that extends therebetween that i1s configured to
receive the jaws 206. In the depicted embodiment, three
slots 224a-224c¢ are shown formed on the elongated main
body second end 210. However, as those with skill 1n the art
may appreciate, the slots 224a-224¢ can be formed in any
portion along the length of the elongated main body 202,
such as proximate the middle. Moreover, those skilled waill
appreciate that the number of slots formed 1n the elongated
main body 202 may be less than three or more than three.
Preferably, the number of slots matches the number of jaws
employed with the main body 202, in which case, the shape
ol each slot 1s configured to substantially correspond with
the shape of the jaw to be received. However, more than one
jaw can be disposed within one slot so long as the slot 1s
suitably configured to accommodate such a configuration.
Each slot 1s preferably formed to allow the jaws to slidably
and radially move therethrough.

The slots 224, hence, the jaws 206, are substantially

equally spaced apart from one another along a circumfier-
ence of the main body 202, and about a predetermined axis
that preferably extends through the center of the circumier-
ence. The reason for this preferred configuration will
become clearer later 1n the description. Thus, 1f two slots or
more than three slots are employed, each slot 224, hence,
cach jaw 206, 1s equally spaced from one another. In another
embodiment, one slot 1s configured to receive more than one
jaw. In this configuration, the placement of the slot 1s not as
important as the positioning of the jaws, namely, 1n case
more than one jaw 1s employed, each jaw 1s preferably
equally spaced apart from the others.
The jaws 206a—206¢ are coupled to the elongated main
body 202 about a predetermined axis. The jaws 206a—206c¢
and main body 202 may be coupled to one another 1n any
fashion. Preferably, the jaws 206a—206c¢ are coupled 1n such
a way so as to be capable of radial movement to at least an
expanded configuration. Optionally, the jaws 206a-206c¢
may be coupled so that they may be retracted as well. In the
depicted embodiment, the jaws 206a—206¢ are each friction
fit 1nto the corresponding slots 224a-224¢ and are manually
retractable. However, as will be appreciated, the jaws
206a-206c¢ can be configured to be retracted without manual
intervention. Although shown to be disposed within slots
224a-224c, the jaws need not be coupled 1n such an arrange-
ment, and can alternatively, be coupled to the main body 202
via wires, or any one of other types of coupling mechanisms
that are configured to provide radial movement of the jaws
206a-206c.

In one embodiment of the invention, the radial movement
of the jaws 206a—206¢ 1s facilitated by applying force to at
least a portion of the jaws 206a—206c¢ to thereby cause the
1aws 2060a—206¢ to move outward. This can be accomplished
in one of numerous ways, such as, for example, via the shatt
204. In the embodiment shown 1n FIGS. 3 and 4, the shaft
204 and jaws 206a-206c are configured to engage one
another so that as the shaft 204 1s moved 1n the passage 216
of the elongated main body 202, it forces the jaws 206
radially outward.

Two close-up views of one embodiment of a jaw 206 that
may be used with the tool 200 are provided 1n FIGS. 5A and
5B. The jaw 206 includes outer and inner peripheral surfaces
228, 230. The mner peripheral surface 230 1s configured to
provide a surface with which the shaft 204 can contact,
while the outer peripheral surface 228 includes at least one
groove or tlange 232 formed thereon that 1s configured to
interface, and/or mate with the groove or flange 130 that 1s
located on a seal to be removed. The jaws 206a—206c¢ can be
constructed of any type of material, including, but not
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limited to, plastics, such as acetal homopolymers (Delrin®
manufactured and sold by DuPont Company of Del.), poly-
tetrafluoroethylene, and metal alloys.

Referring to FIGS. 3, 4, and 6, the shaft 204 1s slidably
disposed within the passage 216 of the elongated main body
202 and comprises first and second ends 234, 236. The shaft
first end 234 1s configured to receive mechanical pressure to
slide the shait 204 back and forth through the passage 216.
To this end, the shaft first end 234 can include a knob or
handle 238, or any other mechanism coupled thereon to
provide an enlarged surface area that a user can depress or
pull up.

The shaft second end 236 preferably comprises a mecha-
nism by which to push the jaws 206a—206¢ radially outward
from the elongated main body 202. Any one of numerous
configurations can be employed to achieve this result, as
long as, as will be appreciated, the configuration of the shaft
second end 236 corresponds to the configuration of the jaw
206 to be operated. In the embodiment shown 1n FIGS. 5A,
5B, and 6, the shait second end 236 1s tapered or funnel-
shaped and the jaws 206a—206¢ are each beveled such that
the portion of the jaw 206 closest to the second opening 214
of the main body 202 has width 240, measured from the
inner surface to the outer surface of the jaw, that 1s less than
the width 242 of the jaw 226 that 1s furthest from the second
opening 214.

In another embodiment, the shaft 204 comprises at least
one projection located thereon that can itself be mechani-
cally radially expanded to supply a force to the jaw 206 or
jaws 206a-206c to push them radially outward into an
expanded configuration.

When the tool 200 1s used to remove a seal, the tool 200
1s 1nserted into the shaft 110a of the fan module 102 of a
disassembled ACM 100. The shaft 110a 1s exposed by first
removing the ACM housing 112 to expose the fan module
102, compressor module 104, and turbine module 106. The
tie bolt 108, around which the modules are mounted, 1is
removed causing each module to separate from one another.
The fan module 102 1s separated from the compressor
module 104 and the shaft 110a around which the fan 116 1s

mounted 1s removed to expose a space 1n which the carbon
seal 120 1s located.

Once the seal 120 1s exposed, the tool 200, 1n a retracted
configuration 1s inserted into the space. The tool 200 is
axially positioned such that the jaws 206a—206¢ are sub-
stantially 1n radial alignment with the grooves or protrusions
130 on the seal 120. Once properly positioned, the first end
234 of the shatt 204 1s depressed to thereby cause the jaws
206a—206c¢ to radially expand. The grooves 232 on the jaws
206a—206¢c which correspond with the grooves 130 on the
seal 120 grip the seal 120. When the seal 120 1s sufliciently
gripped, the tool 200 and the gripped seal 120 are removed
from the space.

While the invention has been described with reference to
a preferred embodiment, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereot without
departing from the scope of the mvention. In addition, many
modifications may be made to adapt to a particular situation
or material to the teachings of the mnvention without depart-
ing from the essential scope thereol. Therefore, it 1s intended
that the invention not be limited to the particular embodi-
ment disclosed as the best mode contemplated for carrying,
out this invention, but that the invention will include all
embodiments falling within the scope of the appended
claims.
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We claim:

1. A tool for removing a seal having a grooved inner
peripheral surface, the tool comprising:

a tubular main body having first and second ends, a
passage that extends therebetween, and 1inner and outer
surfaces:

first and second slots formed between the main body 1nner
and outer surfaces equally spaced apart about a prede-

termined axis;

a shatt slidably disposed within the passage and having a
first end and a tapered second end, the first end con-
figured to receive mechanical pressure to move the
shaft in the passage; and

a first and a second jaw, each at least partially slidably
disposed 1n the first and second slots, respectively, each
jaw having a beveled inner surface and an outer periph-
eral surface, wherein the beveled inner surface 1s con-
figured to mate with the shait tapered second end and
to thereby radially expand the first and second jaw to an
expanded configuration 1n response to the mechanical
pressure applied to the shait, and the first and second
jaw outer peripheral surfaces each have at least one
groove formed thereon configured to correspond with
the seal grooved inner peripheral surface.

2. The tool of claim 1, wherein the tubular main body first
and second ends each have an opening, and wherein the
shaft second end extends out of the opening of the tubular
member second end.

3. The tool of claim 1, wherein the at least two slots are
located on the tubular main body first end.

4. The tool of claim 1, further comprising:

a third slot formed between the tubular main body inner
and outer surfaces, the third slot equally spaced apart
from the first and second slots and disposed about the
predetermined axis.

5. The tool of claim 4, further comprising

a third jaw at least partially slidably disposed 1n the third
slot, third jaw having inner and outer peripheral sur-
faces, the outer peripheral surface having at least one
flange thereon configured to mate with the seal grooved
peripheral surface and configured to selectively radially
expand away from and refract toward the predeter-
mined axis.

6. The tool of claim 1 wherein the first jaw has first and
second ends, each having a width measured from the first
1aw beveled mner surface and outer peripheral surface, the
first jaw beveled 1nner surface 1s beveled such that the width
of the first jaw first end 1s less than the width of the first jaw
second end.

7. The tool of claim 1 wherein the first and second slots
are Tormed on the main body second end.

8. The tool of claim 1, wherein the tubular main body
comprises aluminum.

9. The tool of claim 1, wherein the jaw comprises acetal
homopolymer.

10. The tool of claam 1, wherein the jaw comprises
polytetrafluoroethylene.

11. A method for removing a seal 1n an air cycle machine,
wherein the air cycle machine comprises a seal mounted on
a shait, and the seal comprises a grooved inner peripheral

surface, the method comprising the steps of:

disassembling the air cycle machine to expose a space 1n
which the seal 1s positioned;

inserting a radially expanding tool and positioning the
tool proximate the seal, the tool comprising:
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a tubular main body having first and second ends, a
passage that extends therebetween, and inner and
outer surfaces:

first and second slots formed between the main body
inner and outer surfaces equally spaced apart about
a predetermined axis;

a shaft slidably disposed within the passage and having
first and second ends, the first end configured to
recertve mechanical pressure to move the shaft
through the passage; and

a first and a second jaw, each at least partially slidably
disposed 1n the first and second slots, respectively,
cach jaw having inner and outer peripheral surfaces,
the first and second jaw outer surfaces each having at

5

10

8

least one groove formed thereon and configured to
correspond with the grooved inner peripheral sur-
face:

radially expanding the first and second jaws; and

lifting the tool and seal out of the space.

12. The method of claim 11, wherein the step of radially
expanding further comprises the step of:

imparting mechanical pressure on the shait first end to

move the shaft in the passage and to radially expand the
first and second jaws to cause contact between the jaws

and the grooved inner peripheral surface to grip the
seal.
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